Newcastle disease virus (NDV), a paramyxovirus, contains a covalently linked, singlestranded RNA genome of negative polarity (1, 4) . After NDV infection of Chinese hamster ovary cells (CHO) or chicken embryo cells, the genome RNA is transcribed and replicated to produce virus-specific RNA that, when centrifuged in sucrose gradients, resolves into three size classes, 18S RNA, 35S RNA, and 50S RNA (2, 24) . The 188 and 358 RNAs probably serve as mRNA in infected cells: both size classes of RNA contain polyadenylic acid sequences (23) an& are found on polyribosomes after infection (Clinkscales, unpublished data). The 18S size class of NDV RNA can be resolved on formamide-polyacrylamide gels into five distinct species (24) .
NDV mRNA must contain information for at least six unique viral proteins (9) : the two viral glycoproteins: HN, the hemagglutinin-neuraminidase protein (21) , and F, the fusion protein (21) (estimated molecular weights on sodium dodecyl sulfate [SDS]-polyacrylamide gels of 74,000 and 56,000, respectively); NP, the viral nucleocapsid protein (molecular weight, 55,000); M, the viral membrane protein (molecular weight, 41,000); 47K, a 47,000-dalton viral protein of unknown function; and L, a large viral protein (molecular weight, approximately 200,000) (7-9, 14, 15, 20) . Our laboratories (13) and Davies et al. (5) (12) . NDV-Australia-Victoria was propagated and purified as previously described (7) .
Preparation of virus-specific RNA. Suspension cultures of CHO cells were collected by centrifugation (1,000 x g for 10 min), suspended at a concentration of 5 x 106 cells/ml in growth medium, and infected with 5 PFU of NDV-Australia-Victoria/cell for 30 min at 37°C. After adsorption, the infected cells were diluted to 5 x 105 cells/ml with prewarmed growth medium. At 2.5-h postinfection, actinomycin D (2 ug/ml) was added. Cultures were then radioactively labeled, between 3 and 6 h after infection, with 50 gCi of [5, 6 -3H]uridine per ml.
Infected cells were chilled, harvested by centrifugation, and washed once with cold extraction buffer (0.01 M NaCl, 0.01 M Tris-hydrochloride, [pH 8.51, 0.0015 M MgCl2). Cells were then suspended in cold extraction buffer, containing 1% Triton X-100 and 0.5% sodium deoxycholate, and vortexed for 30 s to suspend and lyse the cells, and the nuclei were removed by centrifugation (1,000 x g for 2 min). The resulting cytoplasmic extracts were made 0.5% with respect to SDS and were digested with 1 mg of proteinase K per ml for 45 min at 230C. The proteinase K solution (10 mg/ml) was self-digested for 45 min at 2300 prior to addition to the cytoplasmic extracts. After proteinase K digestion, cytoplasmic extracts were phenol-extracted by a modification of the procedure of Palmiter (17) . After equal volumes of distilled phenol were added to the extracts, the mixtures were vortexed, equal volumes of chloroformisoamyl alcohol (24:1) were added, and the mixtures were vortexed again. To achieve phase separation, the mixtures were centrifuged (20,000 x g for 5 min). The organic layers were extracted with buffer, and the combined aqueous layers were extracted with phenol-chloroform-isoamyl alcohol, followed by repeated reextraction with chloroform-isoamyl alcohol, until no material remained at the interface of the organic and aqueous phases.
The RNA was precipitated with ethanol, suspended in SDS standard buffer (0.5% SDS, 0.1 M NaCl, 0.01 M Tris-hydrochloride [pH 7.4], 0.001 M EDTA), and sedimented in 10 to 40% sucrose gradients (containing SDS standard buffer) in a Beckman SW27.1 rotor (60,000 x g for 16 h at 220C).
Gradient fractions containing the 18S class of RNA (16 to 22S regions) were pooled, precipitated twice with ethanol, dissolved in water, and stored at -70°C in small portions. We have found that repeated freezing and thawing of the RNA seems to inactivate the mRNA's (Morrison, unpublished data). This extraction procedure routinely provides RNA that can direct the synthesis of NDV polypeptides in cell-free reactions derived from wheat germ.
Cell-free protein synthesis. Wheat germ (Peavey Co., Denver, Colo.) extracts were prepared as described by Roberts Preparation of labeled virion proteins. A total of 108 CHO cells were infected as described above with 10 PFU of NDV-Australia-Victoria/cell. After 30-min adsorption, the infected cells were diluted to 5 x 105 cells/ml with labeling medium and plated out on 100-mm tissue culture plates (107 cells/plate). Incubation was carried out at 390C in a 5% C02 atmosphere. Four hours after infection, the medium was removed, and labeling medium containing [35S]methionine (100 gCi/ml) was added to each plate. Every 4 h, the medium was removed and stored on ice, and labeling medium containing [35S]methionine was added to each plate. This procedure was continued until 20 h after infection. The labeled virions were purified as previously described (9) . We have found that this rapid harvest procedure minimizes the degradation of viral NP protein previously reported (9) .
Polyacrylamide gel electrophoresis. Electrophoresis on SDS-polyacrylamide slab gels was carried out by using a modification of the procedure of Laemmli (10) . The resolving gels contained 0.375 M Tris-hydrochloride (pH 8.8), 0.1% (wt/vol) SDS, 8.5% (wt/vol) acrylamide, 0.23% (wt/vol) NN'-bis-methylene acrylamide, 0.05% (vol/vol) tetramethylethylene diamine, and 2 mg of ammonium persulfate/ml.
The stacking gels contained 0.125 M Tris-hydrochloride (pH 6.8), 0.1% (wt/vol) SDS, 4% (wt/vol) acrylamide, 0.12% (wt/vol) N,N'-bis-methylene acrylamide, 0.05% (vol/vol) tetramethylethylene diamine, and 2 mg of ammonium persulfate/ml. Electrophoresis was carried out at a constant current of 30 mA/ slab.
Tryptic peptide analysis. Digestion of individual polypeptides from polyacrylamide gels has been previously described (6, 9) . The resulting tryptic peptides were resolved by paper ionophoresis, at pH 3.5, as described previously (6, 11) .
RESULTS
Translation of 18S RNA from NDV-infected CHO cells. The 18S size class of RNA isolated from NDV-infected cells was used to direct cellfree protein synthesis in extracts derived from wheat germ. Products of the reaction were resolved in SDS-polyacrylamide slab gels, and the gels were then subjected to autoradiography. Labeled polypeptides isolated from purified virions were coelectrophoresed. Figure 1 shows densitometer scans of typical autoradiograms. Figure 1A represents polypeptides isolated from purified virions. The arrows indicate the location of the six unique virion proteins previously described (9) . In the polyacrylamide gel system used here, the F protein migrates slightly faster than the NP protein. We have found that slight modifications of the polyacrylamide gel and electrophoresis conditions cause the F protein to either comigrate with the NP protein or migrate slightly slower or faster than the NP protein (unpublished data). Figure 1B shows the densitometer scan of the autoradiogram of the products of the cell-free reaction directed by 188 RNA. The major product of the reaction comigrates with the NP protein from virions. In addition, the cell-free reaction contains products that comigrate with the authentic 47K, M, and F proteins. The largest product of the cell-free reaction migrates with an apparent molecular weight of 67,000, J. VIROL.
on October 26, 2017 by guest http://jvi.asm.org/ Downloaded from from the cell-free product that comigrates with the F protein from virions. The patterns are identical, except that the cell-free product has extra tryptic peptides (indicated by arrows, Fig. 2F ). The pattern of tryptic peptides obtained from M protein from virions is depicted in Fig. 2G . An identical pattern of tryptic peptides (Fig. 2H) was obtained from the cell-free product that comigrates with the M protein.
The amount of radioactivity present in the 47K polypeptide found in virions was very low. For this reason, autoradiograms of tryptic peptides obtained from these polypeptides were not intense enough to be scanned with a densitometer. Therefore, after paper ionophoresis of the tryptic peptides obtained from the authentic 47K protein and the 47,000 dalton size polypeptide in the cell-free products, the paper was cut into 1-cm strips, and the radioactivity present in each strip was determined by liquid scintillation counting. Figure 3 shows that the profiles of radioactivity obtained from the authentic 47K protein and the 47,000 dalton cell-free product were similar. Fig. 2A and B) . The only major difference noted was that the HN protein in virions has one less tryptic peptide than the 67K cellfree product (indicated by the arrow, Fig. 2A) .
The polypeptide (molecular weight, 56,000), synthesized in a cell-free reaction, that comigrates with authentic NP has a tryptic peptide pattern identical to the tryptic peptides of NP from virions ( Fig. 2C and D) . Figure 2E shows the tryptic peptides obtained from authentic F protein, and Fig. 2F shows the pattern obtained DISCUSSION We have isolated 188 cytoplasmic RNA from NDV-infected cells and used this RNA to direct a cell-free protein synthesis reaction derived from wheat germ. This RNA directs the synthesis of at least five unique polypeptide products. Among these products are polypeptides that comigrate with the NP protein, the 47K protein, and the M protein isolated from purified NDV virions. Tryptic peptide analysis of each of these polypeptides clearly shows that the cell-free products contain authentic NDV NP, 47K, and M proteins.
There are important considerations in discussing the possible synthesis of NDV glycoproteins in a cell-free, protein-synthesizing system derived from wheat germ. First, the presence of carbohydrate on polypeptides has been shown to slow their migration in SDS-polyacrylamide gels (3). Second, it has been suggested that the products of cell-free protein synthesis in extracts derived from wheat germ are nonglycosylated or at least underglycosylated (12, 22) . Therefore, the virion glycoproteins, HN and F, might be expected to migrate slower in SDSpolyacrylamide gels than their corresponding underglycosylated polypeptides synthesized in cell-free extracts. Third, polypeptides that are synthesized as large precursor molecules might not be cleaved in the wheat germ extracts, as suggested previously (22) . In Sendai virus-infected cells, it has been shown that the F protein is synthesized as a precursor (Fo), which is cleaved prior to its incorpoi (21 identical. There is an extra methionine-containing peptide in the 67K product of the cellfree reaction (Fig. 2B, arrow) . It has been sugration into virions gested by Nagai et al. (16) that the HN protein )nstrated similari-is the product of cleavage from a larger precuratterns from intra-sor molecule, HNo. Thus, the 67K product les and the F pro-could represent an uncleaved and unglycosy- Consistent with this possibility is the fact that the tryptic peptide pattern of the HN protein from virions has a peak (marked X, Fig. 2A ) that contains more radioactivity (relative to other peptides from this protein) than does that of the same peak in the cell-free product, suggesting that peak X contains more than one peptide. It is possible that the extra polypeptide seen in the cell-free product migrates at the X position in the pattern obtained from virion HN protein.
Thus, we have shown that the 188 size class of RNA from NDV-infected cells encodes, at least, five of the six known, unique virus-specific polypeptides. 
